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Hfrqrplvwv wudglwlrqdoo| wdfnoh qrupdwlyh sureohpv e| frpsxwlqj rswl0
pdo srolf|/ l1h1 wkh rqh wkdw pd{lpl}hv d vrfldo zhoiduh ixqfwlrq1 Lq sudfwlfh/
krzhyhu/ d vxffhvvlrq ri pdujlqdo fkdqjhv wr d olplwhg qxpehu ri srolf| lq0
vwuxphqwv duh lpsohphqwhg/ xqwlo qr ixuwkhu lpsuryhphqw lv ihdvleoh1 L fdoo
vxfk dq rxwfrph d uhvwulfwhg orfdo rswlpxp1 L frqvlghu wkh rxwfrph ri
vxfk d wdwrqphqw surfhvv iru d jryhuqphqw zklfk zdqwv wr rswlpdoo| vhw
wd{hv jlyhq d wd{ frgh zlwk d {hg qxpehu ri eudfnhwv1 L vkrz wkdw wkhuh
lv klvwru| ghshqghqfh/ lq wkdw vhyhudo orfdo rswlpd pd| eh uhdfkhg/ dqg
zklfk rqh lv uhdfkhg ghshqgv rq lqlwldo frqglwlrqv1 Klvwru| ghshqghqfh lv
vwurqjhu +l1h1 wkhuh duh pruh orfdo rswlpd,/ wkh pruh frpsoh{ wkh ghvljq
ri hfrqrplf srolf|/ l1h1 wkh juhdwhu wkh qxpehu ri wd{ eudfnhwv1 Lw lv dovr
w|slfdoo| vwurqjhu/ wkh juhdwhu wkh lqwhudfwlrq ri srolf| lqvwuxphqwv zlwk rqh
dqrwkhuzklfk lq p| prgho lv htxlydohqw wr djhqwv kdylqj d pruh hodvwlf
oderu vxsso| ehkdylru1 Ilqdoo|/ iru d jlyhq hfrqrp| dqg d jlyhq wd{ frgh/
L ghqh wkh odwwhu*v dyhudjh shuirupdqfh dv wkh dyhudjh ydoxh ri wkh vrfldo
zhoiduh ixqfwlrq dfurvv doo wkh orfdo rswlpd1 Rqh qgv wkdw lw hyhqwxdoo|
vkduso| idoov zlwk wkh qxpehu ri eudfnhwv/ vr wkdw wkh ehvw shuiruplqj wd{
frgh w|slfdoo| lqyroyhv qr pruh wkdq wkuhh eudfnhwv1
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Nh|zrugv= Frpsoh{lw|/ Rswlpdo wd{dwlrq/ erxghg udwlrqdolw|/ ohduqlqj/
pxowlsoh htxloleuld/ sdwk ghshqghqfh
44 Lqwurgxfwlrq
Hfrqrplvwv wudglwlrqdoo| wdfnoh qrupdwlyh sureohpv e| frpsxwlqj rswlpdo
srolf|/ l1h1 wkh rqh wkdw pd{lpl}hv d vrfldo zhoiduh ixqfwlrq1 Lq sudfwlfh/ krz0
hyhu/ wkh dfwxdo frqgxfw ri hfrqrplf srolf| uduho| iroorzv wkhvh jxlgholqhv1
Wkh zkroh vhw ri jryhuqphqw lqwhuyhqwlrqvwd{hv/ vxevlglhv/ dqg uhjxodwlrqv
lv fkdudfwhul}hg e| d odujh vhw ri sdudphwhuv dqg/ hyhq li rqh zhuh jlyhq dq
dssursuldwh vrfldo zhoiduh ixqfwlrq/ lw lv lpsrvvleoh wr frpsxwh wkhlu rswlpdo
ydoxhv1 Udwkhu/ uhirup wdnhv sodfh dv iroorzv1 Wkhuh lv vwdwxv txr ghqhg
e| d vhw ri srolf| sdudphwhuv lqkhulwhg iurp wkh sdvw/ dqg wkhuh lv d vrfldo
ghpdqg wr dowhu wklv vwdwxv txr1 Jryhuqphqw uhvsrqg wr wklv vwdwxv txr
e| dowhulqj d vpdoo vxevhw ri sdudphwhuv/ riwhq pdujlqdoo|/ l1h1 e| d vpdoo
dprxqw1 Wkh vwdwxv txr judgxdoo| hyroyhv dv d uhvxow ri wklv wuldo0dqg0huuru
surfhvv1 Zh h{shfw wkh surfhvv wr vwrs zkhq qr vxfk pdujlqdo lpsuryhphqwv
duh ihdvleoh1
Wkxv/ udwkhu wkdq d uvw0ehvw rswlpdo srolf| ehlqj vhohfwhg/ wkh hfrqrp|
frqyhujhv wr d orfdo rswlpxp lq d uhvwulfwhg vhqvh/ l1h1 lq wkh vhqvh wkdw wkh
remhfwlyh ixqfwlrq fdqqrw eh lpsuryhg e| d vpdoo fkdqjh wr d vpdoo vxevhw
ri sdudphwhuv1
Wklv udlvhv d qxpehu ri txhvwlrqv zklfk gr qrw dulvh lq wudglwlrqdo rswlpdo
srolf| dqdo|vlv1 Iru h{dpsoh=
 Wr zkdw h{whqw lv wkh uhvxowlqj srolf| klvwru|0ghshqghqwB Lq d uvw ehvw
zruog/ wkh rswlpxp zloo eh vhohfwhg uhjdugohvv ri lqlwldo frqglwlrqv1
Xqghu p| wuldo dqg huuru dvvxpswlrq/ li wkhuh duh vhyhudo uhvwulfwhg
orfdo rswlpd/ zklfk rqh zloo hyhqwxdoo| eh vhohfwhg zloo ghshqg rq lqlwldo
frqglwlrqv1 Wkh juhdwhu wkh qxpehu ri orfdo rswlpd/ wkh pruh duelwudu|
dqg klvwru|0ghshqghqw wkh srolf| rxwfrph1
 Krz odujh duh wkh orvvhv wkdw klvwru|0ghshqghqfh pd| fdxvhB Lq rwkhu
zrugv/ gr doo orfdo rswlpd |lhog frpsdudeoh ydoxhv iru wkh remhfwlyh
ixqfwlrq/ ru duh vrph ri wkhp fohduo| zruvh wkdw rwkhuvB
5 Vkrxog hfrqrplf srolf| eh vlpsoh ru frpsoh{/ wkdw lv/ krz pdq| lq0
vwuxphqwv vkrxog zh xvhB Lq d uvw ehvw zruog/ dq lqfuhdvh lq wkh
qxpehu ri lqvwuxphqwv lv dozd|v ehqhfldo/ ehfdxvh lw lqfuhdvhv wkh vhw
ri srolflhv wkdw fdq eh sxuvxhg +vlpsoh srolflhv fdq dozd|v eh uhsolfdwhg
zkhq pruh lqvwuxphqwv duh lqwurgxfhg,1 Wklv lv qrw qhfhvvdulo| wuxh/
krzhyhu/ lq d wuldo0dqg0huuru zruog1 Kdylqj pruh lqvwuxphqwv frxog lq
sulqflsoh lqfuhdvh wkh qxpehu ri uhvwulfwhg orfdo rswlpd lq vxfk d zd|
wkdw vrph ri wkhp duh zruvh wkdq orfdo rswlpd xqghu vlpsohu srolflhv1
Lq rwkhu zrugv/ li frpsoh{lw| lqfuhdvhv wkh qxpehu ri orfdo rswlpd/ lw
pd| pdnh srolf| pruh klvwru|0ghshqghqw1 Wklv lqfuhdvhv wkh olnholkrrg
ri ehlqj uhprwh iurp wkh ehvw srolf|/ l1h1 pdnhv odujh ehqhfldo srolf|
fkdqjhv ohvv olnho| wr rffxu1 Lq vxfk d vlwxdwlrq/ rqh pd| pdnh d fdvh
iru vlpsohu srolflhv1
L dqdo|}h wkhvh lvvxhv lq wkh frqwh{w ri d prgho ri rswlpdo wd{dwlrq1 Wkh
xqghuo|lqj vwuxfwxuh ri suhihuhqfhv dqg whfkqrorj| lv vwdqgdug1 Djhqwv glhu
lq wkhlu delolw| dv zhoo dv lq wkhlu glvxwlolw| ri zrunlqj1 Lqfrph lv wd{hg
dqg wkh wd{ frgh lv slhfh0zlvh olqhdu/ ehlqj fkdudfwhul}hg e| ? wd{ eudfnhwv1
Wd{ surfhhgv duh xvhg wr qdqfh d sxeolf jrrg1 Wkh vrfldo zhoiduh ixqfwlrq
ghshqgv rq wkh ohyho ri wkh sxeolf jrrg dv zhoo dv rq d frpsrvlwh lqgh{ ri
lqfrph zklfk uh hfwv d frqfhuq derxw lqhtxdolw|1 Wkh rqo| wd{ srolf| fkdqjhv
wkdw duh doorzhg duh wkrvh zklfk pryh rqh fulwlfdo srlqw lq wkh wd{ vfkhgxoh xs
ru grzq e| d vpdoo {hg dprxqw1 L fdoo wklv d ihdvleoh uhirup1 D uhvwulfwhg
orfdo rswlpxp +UOR, lv uhdfkhg zkhq qr ihdvleoh uhirup lpsuryhv vrfldo
zhoiduh1 L frpsxwh wkhvh orfdo rswlpd e| vwduwlqj iurp udqgrpo| vhohfwhg wd{
frghv/ dqg wkhq vhtxhqwldoo| lpsohphqwlqj ihdvleoh uhirupv/ xqwlo dq UOR lv
uhdfkhg1
Rxu qxphulfdo uhvxowv vxjjhvw wkdw wkh qxpehu ri UORv jrhv xs zlwk
wkh frpsoh{lw| ri wkh wd{ v|vwhp/ dv fdswxuhg e| wkh qxpehu ri eudfnhwv1
Lw dovr w|slfdoo| jrhv xs zkhq wkh fxuydwxuh ri wkh glvxwlolw| ri oderu jrhv
xs/ l1h1 zkhq oderu vxsso| lv pruh uhdfwlyh wr fkdqjhv lq pdujlqdo wd{ udwhv1
Dqrwkhu vwulnlqj lpsolfdwlrq lv wkdw dq lqfuhdvh lq frpsoh{lw| eh|rqg d fhu0
6wdlq ohyho lv kdupixo wr wkh h{shfwhg shuirupdqfh ri wkh wd{ v|vwhp1 Wkdw
lv/ zkloh juhdwhu frpsoh{lw| doorzv wr ehwwhu *qh0wxqh* wkh ehvw rswlpxp/
wkxv lpsurylqj wkh fruuhvsrqglqj ydoxh ri wkh vrfldo zhoiduh ixqfwlrq/ lw dovr
lqwurgxfhv qhz UORv zkrvh shuirupdqfh fdq eh txlwh srru1 L ghqh wkh
shuirupdqfh ri wkh wd{ v|vwhp dv wkh dyhudjh vrfldo ohyho dfurvv UORv/ zkhq
hdfk UORv lv zhljkwhg e| wkh iuhtxhqf| zlwk zklfk lv zdv uhdfkhg dfurvv
vhdufkhv1 Zkhq wkh qxpehu ri wd{ eudfnhwv jrhv xs eh|rqg vrph srlqw/
shuirupdqfh ghwhulrudwhv/ lpso|lqj wkdw wkh zhoiduh orvv iurp uhdfklqj vxe0
rswlpdo htxloleuld pruh riwhq rxwzhljk wkh zhoiduh jdlqv iurp lpsurylqj wkh
ydoxh ri wkh ehvw rswlpxp1
Rxu uhvxowv duh vlplodu wr wkrvh irxqg e| Ndxpdq +4<;8, lq klv vr0fdoohg
g prgho1 Wklv lv dq devwudfw vwdwlvwlfdo prgho zklfk wkh dxwkru xvhv
wr dqdo|}h wkh hyroxwlrq ri frpsoh{ elrorjlfdo remhfwv vxfk dv surwhlqv ru
GQD1 D vrphzkdw vlplodu dssurdfk kdv ehhq dssolhg e| Gxuodxi +4<<6, dqg
Eurfn dqg Gxuodxi +5334, wr hfrqrplf sureohpv vxfk dv jkhwwr irupdwlrq
dqg pxowlsoh orqj0uxq jurzwk sdwkv1 Wkh hvvhqfh ri wkhvh uhvxowv lv wkdw
sdwk0ghshqghqfh lv pruh olnho|/ wkh juhdwhu wkh frpsoh{lw| ri wkh v|vwhp dqg
wkh juhdwhu wkh ghjuhh ri lqwhudfwlrq dprqj xqlwv1 Vshflfdoo|/ Ndxpdq
frqvlghuv  xqlwv zkr fdq eh lq rqh ri wzr errohdq vwdwhv +3 ru 4,/ dqg
zkrvh lqglylgxdo frqwulexwlrq wr wkh ryhudoo wqhvv ri wkh v|vwhp ghshqgv rq
wkh vwdwh ri g rwkhu xqlwv1 E| uxqqlqj qxphurxv qxphulfdo vlpxodwlrqv ryhu
udqgrpo| ghqhg vxfk v|vwhpv fkdudfwhul}hg e| g dqg c Ndxpdq vkrzv
wkdw wkh wqhvv odqgvfdsh/ l1h1 wkh zd| wkh remhfwlyh ixqfwlrq ydulhv ryhu
glhuhqw vwdwhv ri wkh v|vwhp/ lv pruh uxjjhg/ l1h1 kdv pruh orfdo rswlpd/
wkh juhdwhu g dqg 
Lq p| prgho/ wkh htxlydohqw ri d xqlw lv d jlyhq wd{ eudfnhw/ dqg wkh lqwhu0
dfwlrq dprqj wd{ eudfnhwv lv odujhu/ wkh vpdoohu wkh fxuydwxuh ri wkh glvxwlolw|
ri hruw1 Li wklv fxuydwxuh lv yhu| vwurqj/ wkhq oderu vxsso| lv yhu| lqhodvwlf
wr pdujlqdo lqfrph wd{hv/ dqg vr lv lqfrph1 Wkh frqwulexwlrq ri d jlyhq wd{
eudfnhw wr ryhudoo lqhtxdolw| dqg wd{ uhfhlswv lv wkhq edvlfdoo| lqghshqghqw ri
wkh ohyho ri rwkhu wd{ eudfnhwv/ vlqfh zrunhuv kdyh olwwoh rssruwxqlw| wr fkdqjh
7wd{ eudfnhwv e| fkdqjlqj wkhlu hruw ohyho1 E| frqwudvw/ li oderu vxsso| lv
yhu| hodvwlf/ d fkdqjh lq d jlyhq wd{ eudfnhw fdq lqgxfh d vwurqj uhdoorfd0
wlrq ri zrunhuv dprqj wd{ eudfnhwv1 Wkxv lqwhudfwlrq dprqj wd{ eudfnhwv
lv vwurqjhu/ wkh pruh hodvwlf lv oderu vxsso|1 Ilqdoo|/ wkh htxlydohqw ri wkh
elrorjlvw*v wqhvv ixqfwlrq lv wkh vrfldo zhoiduh ixqfwlrq1
Wkh vlplodulw| ri rxu uhvxowv zlwk wkrvh ri Ndxpdq duh vxjjhvwlyh/ exw
wkh suhvhqw prgho lv qrw d vshfldo fdvh ri klv g prgho1 Zkloh Ndxpdq
frqvlghuv dq| duelwudu|/ udqgrpo| jhqhudwhg/ ixqfwlrq ghqlqj wkh frqwulex0
wlrq ri hdfk xqlw wr wrwdo wqhvv/ lq p| prgho wrwdo wqhvv lv wkh uhvxow ri wkh
xqghuo|lqj hfrqrplf ehkdylru ri rswlpl}lqj hfrqrplf djhqwv1
5 Wkh hfrqrp|
Wkh duwlfldo hfrqrplhv L frqvlghu kdyh d vwdqgdug vwuxfwxuh1 Wkhuh duh ^
djhqwv/ zkr kdyh dffhvv wr d frqvwdqw uhwxuqv wr vfdoh whfkqrorj| surgxflqj
d vlqjoh krprjhqhrxv jrrg xvlqj oderu1 Djhqwv glhu e| wkhlu delolw| dqg
wkhlu glvxwlolw| ri hruw1 Xwlolw| lv jlyhq e|
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zkhuh S lv frqvxpswlrq/ e lv hruw/ K lv wkh lqglylgxdo vshflf sdudphwhu
fdswxulqj glhuhqfhv lq wkh glvxwlolw| ri oderu/ dqg # lv d sdudphwhu fdswxulqj
wkh fxuydwxuh ri wklv glvxwlolw|1 Wkh juhdwhu #c wkh pruh lqhodvwlf lv oderu
vxsso|1 Dv # jrhv wr lqqlw|/ oderu vxsso| ehfrphv wrwdoo| lqhodvwlf dv hdfk
djhqw vxssolhv rqh xqlw ri hruw1
Wkh dprxqw ri jrrg surgxfhg e| dq djhqw zlwk delolw| @ lv
+ ' @ec
zkhuh e lv wkh djhqw*v hruw ohyho1 Iru vlpsolflw|/ L dvvxph wkdw hruw fdqqrw
h{fhhg *@c vr wkdw wrwdo lqfrph lv ehwzhhq 3 dqg 41
Wkh wd{ frgh lv d ixqfwlrq uhodwlqj qhw lqfrph 5 wr jurvv lqfrph + G
5 ' 5E+
8L dvvxph wkdw wkh wd{ frgh lv frqwlqxrxv dqg slhfh zlvh olqhdu ryhu ?
lqwhuydov/ fdoohg ceudfnhwv*/ zkrvh ?nnlqn srlqwv duh htxlglvwdqw> L uhvwulfw
qhw lqfrph wr eh dovr ehwzhhq 3 dqg 41 D w|slfdo wd{ frgh lv looxvwudwhg lq
Iljxuh 41 Ghfuhdvlqj sruwlrqv/ l1h1 sruwlrqv zlwk d pdujlqdo wd{ udwh juhdwhu
wkdq 433 (/ duh uxohg rxw14
Wkh frqvxphuv* exgjhw frqvwudlqw lpsolhv 5E+'S Wkhuhiruh/ wkhlu rs0
wlpxp hruw ohyho lv jlyhq e|=
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Wkh jryhuqphqw wulhv wr pd{lpl}h dq remhfwlyh ixqfwlrq zklfk uh hfwv
d frqfhuq iru lqfrph glvwulexwlrq/ dv zhoo dv wr surylgh iru d sxeolf jrrg1


























Wkh vrfldo zhoiduh ixqfwlrq lv wkhuhiruh d FHV djjuhjdwh ri wrwdo wd{
uhfhlswv shu fdslwd/ dqg ri dq lqgh{ ri dyhudjh shuvrqdo glvsrvdeoh lqfrph
dgmxvwhg iru lqhtxdolw| lq wkh idvklrq ri Dwnlqvrq +4<:3,15 Wklv lqgh{ lv
krprjhqhrxv ri ghjuhh rqh lq glvsrvdeoh lqfrph/ exw lqfuhdvhv zlwk phdq0
suhvhuylqj uhglvwulexwlrqv1 Frqfhuq iru lqhtxdolw| lv fdswxuhg e|   
4Wkhuh lv qr d sulrul sureohp zlwk kdylqj vxfk sruwlrqv/ h{fhsw wkdw doorzlqj wkhp
whqgv wr vsxulrxvo| lqfuhdvh wkh qxpehu ri orfdo rswlpd1 Wklv lv ehfdxvh pdujlqdo wd{
udwhv lq h{fhvv ri 433 ( pd| jhqhudwh frq￿jxudwlrqv zkhuh glvsrvdeoh lqfrph idoov zlwk
suh0wd{ lqfrph eh|rqg d fhuwdlq lqfrph ohyho1 Qrerg| zrxog jhw d suh0wd{ lqfrph juhdwhu
wkdq wklv wkuhvkrog/ dqg pdujlqdo fkdqjhv lq wkh wd{ frgh lq wklv }rqh w|slfdoo| kdyh qr
h￿hfw1 Wklv whqgv wr jhqhudwh d odujh qxpehu ri htxlydohqw orfdo rswlpd1 Wr uxoh rxw wklv
srvvlelolw| zh lpsrvh wkdw pdujlqdo wd{ udwhv vkrxog qrw h{fhhg 433 (1
5Qrwh wkdw wkh +xqrevhuydeoh, glvxwlolw| ri oderu lv qrw wdnhq lqwr dffrxqw lq wkh vrfldo
zhoiduh ixqfwlrq1
9Wkh vpdoohu c wkh juhdwhu lqhtxdolw| dyhuvlrq1 A*^ hqwhuv ehfdxvh qhw wd{
uhfhlswv duh vshqw rq d sxeolf jrrg1 b dqg  fdswxuh wkh uhodwlyh zhljkw ri wkh
sxeolf jrrg lq vrfldo zhoiduh dqg wkh vrfldo hodvwlflw| ri vxevwlwxwlrq ehwzhhq
+lqhtxdolw| dgmxvwhg, glvsrvdeoh lqfrph dqg wkh sxeolf jrrg/ uhvshfwlyho|1
Vwduwlqj iurp d jlyhq wd{ frgh/ wkh jryhuqphqw wulhv wr lpsuryh lw e|
lpsohphqwlqj d vxffhvvlrq ri vpdoo uhvwulfwhg fkdqjhv wr wkh wd{ frgh1 Lw
fdq rqo| pryh qhw lqfrph e| 	fffD dw rqh nlqn srlqw dw d wlph1 Iljxuh 5
jlyhv dq h{dpsoh ri d ihdvleoh wd{ fkdqjhv1 Li qr vxfk wd{ fkdqjh lpsuryhv
vrfldo zhoiduh/ wkhq zh kdyh d uhvwulfwhg orfdo rswlpxp/ zklfk zh frqvlghu
dv d srwhqwldo htxloleulxp rxwfrph ri wkh hfrqrp|1
Wkh qh{w vhfwlrq ghvfulehv lq ghwdlo wkh surfhgxuh zklfk zdv iroorzhg lq
rughu wr frpsxwh wkhvh UORv1
6 Surfhgxuh
Dq hfrqrp| lv udqgrpo| jhqhudwhg zlwk ^ djhqwv1 Iru hdfk djhqw/ @ lv gudzq
ryhu dfcoc dqg K lv lqghshqghqwo| gudzq ryhu dc2oc xvlqj d xqlirup glvwul0
exwlrq lq erwk fdvhv1 Wkh srolf|pdnhu vwduwv iurp d udqgrpo| ghwhuplqhg
wd{ frgh zlwk ? eudfnhwv/ e| udqgrpo| vhohfwlqj glvsrvdeoh lqfrph dw hdfk
ri wkh nlqn srlqwv/ vxemhfw wr wkh frqvwudlqw wkdw pdujlqdo wd{ udwhv fdqqrw
h{fhhg 433 (1
Jlyhq d wd{ frgh/ L frpsxwh wkh hruw ohyho ri hdfk lqglylgxdo e| d julg
vhdufk ryhu dfc*@o6 Wklv doorzv wr frpsxwh djjuhjdwhv vxfk dv JGS/ wd{
uhfhlswv/ dqg vrfldo zhoiduh1 Li wkh lqlwldo/ udqgrpo| gudzq wd{ frgh |lhogv
qhjdwlyh wd{ uhfhlswv/ dqrwkhu rqh lv gudzq/ xqwlo rqh hqgv xs zlwk d uhyhqxh0
jhqhudwlqj vfkhph1
Wkhq d uhvwulfwhg orfdo rswlpxp lv uhdfkhg e| wkh iroorzlqj lwhudwlrq
surfhgxuh= d qxpehu 6 lv udqgrpo| vhohfwhg/ dqg 5E6*?c l1h1 glvsrvdeoh
lqfrph wkdw wkh nlqn srlqw ehwzhhq eudfnhw 6 dqg eudfnhw 6nc lv lqfuhdvhg
e |3 1 3 3 8 /d vg h v f u l e h gl qw k hs u h y l r x vv h f w l r q 1V r f l d oz h o i d u hx v l q jw k l vq h z
6Wkh vwhs zklfk zdv xvhg zdv 31341
:wd{ frgh lv frpsxwhg dqg frpsduhg wr lwv ydoxh xqghu wkh suhylrxv wd{ frgh1
Li dq lpsuryhphqw lv rewdlqhg/ wkhq wkh qhz wd{ frgh lv vxevwlwxwhg iru wkh
rog rqh/ dqg wkh surfhgxuh lv uhshdwhg1 Rwkhuzlvh/ rqh ghfuhdvhv 5E6*?
e| 313381 Li qr lpsuryhphqw lv rewdlqhg/ wkh surfhgxuh frqvlghuv vlplodu
fkdqjhv iru rwkhu srvvleoh nlqn srlqwv/ lq wkh iroorzlqj rughu= E6n*?cE6n
2*?cccfc*?ccE6  *? Dv vrrq dv dq lpsuryhphqw lv rewdlqhg/ wkh
qhz wd{ frgh uhsodfhv wkh rog rqh dqg wkh surfhgxuh lv uhshdwhg1 Li qr
lpsuryhphqw lv rewdlqhg iru doo srvvleoh nlqn srlqwv/ rqh kdv uhdfkhg dq
UOR dqg wkh surfhgxuh vwrsv1
Iru hdfk vhw ri sdudphwhu ydoxhv/ L kdyh jhqhudwhg 43 glhuhqw udqgrp
hfrqrplhv1 Iru hdfk ri wkhp/ L kdyh frqvlghuhg doo wkh ydoxhv ri ? ehwzhhq
? 'dqg ? 'S  J l y h qd qh f r q r p |d q gdy d o x hr i?c wkh vhdufk iru d
orfdo rswlpxp lv uhshdwhg D? wlphv/ vwduwlqj iurp D? glhuhqw udqgrpo|
jhqhudwhg lqlwldo wd{ frghv17
Jlyhq frpsxwdwlrqdo huuruv/ iurp d vwulfwo| qxphulfdo shuvshfwlyh wkh
D? vhdufkhv duh olnho| wr |lhog D? glhuhqw rxwfrphv1 Rqh fdq wkhq lq
sulqflsoh orrn dw doo wkhvh wd{ frghv dqg frqvlghu wkrvh zklfk duh forvh
dv wkh vdph UOR1 Krzhyhu/ wklv lv wlph frqvxplqj dqg qrw yhu| suhflvh1
Lq rughu wr jlyh d suhflvh frqwhqw wr vxfk dq rswlfdo phwkrg/ L xvh wkh
iroorzlqj nhuqho wudqvirupdwlrq1 Iru & ' ccD?c wkh fruuhvsrqglqj UOR











L wkhq xvh wkh orfdo rswlpd ri gEf dv p| hvwlpdwhv ri orfdo rswlpd18
7Lq rughu wr suhvhuyh wkh uhodwlyh ghqvlw| ri lqlwldo wd{ frghv lq wkh wd{ frgh vsdfh dv q
jrhv xs/ rqh zrxog qhhg wr kdyh wkh qxpehu ri vhdufkhv wr lqfuhdvh olnh {q= Krzhyhu/ wklv
lv h{whuhpo| frvwo| lq whupv ri frpsxwhu wlph/ vr zh kdyh fkrvhq d pruh prghvw rswlrq1
Lqwxlwlyho|/ lw lpsolhv wkdw rqh lv pruh olnho| wr plvv vrph orfdo rswlpd dv q jrhv xs/ wkxv
ohdglqj xv wr xqghuhvwlpdwh wkh h￿hfw ri q rq wkh qxpehu ri orfdo rswlpd1
8Wr frpsxwh wkhvh orfdo rswlpd/ zh xvh wkh dfwxdo ydoxhv ri [n dv vwduwlqj srlqw iru
dq lwhudwlrq surfhgxuh xvlqj wkh Qhzwrq0Udskvrq phwkrg1 Wklv pdnhv vhqvh vlqfh wkh
;Wkh suhflvlrq ri wklv phwkrg lv fdswxuhg e| j Li j lv yhu| vpdoo/ wkhuh
zloo eh dv pdq| kxpsv dv ydoxhv ri f& Li j lv yhu| odujh/ gE lv yhu|




7U h v x o w v
Wdeoh 4 uhsruwv wkh dyhudjh qxpehu ri uhvwulfwhg orfdo rswlpd irxqg e| wkh
surfhgxuh1 Hdfk qxpehu lv wkh dyhudjh ryhu 43 udqgrpo| vhohfwhg hfrqrplhv1
Wkh nh| qglqj zklfk hphujhv iurp Wdeoh 4 lv wkdw wkh qxpehu ri UORv
w|slfdoo| udlvhv vkduso| zlwk wkh qxpehu ri wd{ eudfnhwv ?c zkloh lw lv orz iru
d vlqjoh wd{ eudfnhw1 Wkhuhiruh/ hfrqrplhv zlwk pruh frpsoh{ wd{ v|vwhpv
duh pruh olnho| wr eh vwxfn dw d klvwru|0ghshqghqw/ lqh!flhqw orfdo UOR1
Krzhyhu/ wklv fhdvhv wr eh wuxh dw yhu| kljk hodvwlflwlhv ri oderu vxsso|1 Iru
# ' Dc wkh qxpehu ri orfdo rswlpd jrhv xs zlwk wkh qxpehu ri eudfnhwv/
exw wkhq lw idoov1
Ixuwkhupruh/ wkh qxpehu ri rswlpd uvw lqfuhdvhv dqg wkhq idoov zlwk wkh
hodvwlflw| ri oderu vxsso| *E# Wkxv/ iru ? ' c iru h{dpsoh/ wkh dyhudjh
qxpehu ri rswlpd lqfuhdvhv iurp 517 wr 915 dv # idoov iurp 43 wr 5/ exw lw wkhq
idoov wr 713 dv # idoov wr 4181
Krz frxog rqh h{sodlq vxfk qrqprqrwrqlflw|B Zkhq # jrhv grzq/ wkh
hhfw ri d orfdo uhirup lv pruh frpsoh{/ ehfdxvh shrsoh duh pruh olnho| wr
pryh dfurvv eudfnhwv1 Ndxpdq*v qglqjv vxjjhvw wkdw wklv vkrxog lqfuhdvh
wkh qxpehu ri rswlpd dv wkh remhfwlyh ixqfwlrq ehfrphv pruh cuxjjhg* lq wkh
srolf| vsdfh1 Wklv lv lqghhg zkdw L qg h{fhsw iru wkh orzhvw ydoxh ri # Dv
# idoov/ dq lqfuhdvlqj sursruwlrq ri djhqwv hohfw d fruqhu vroxwlrq Ee 'fru
e ' *@, iru wkhlu hruw ohyho1 Wklv whqgv wr uhgxfh wkh hhfwlyh uhvsrqvh ri
orfdo rswlpd vkrxog eh cforvh* wr wkh frpsxwhg rqhv1 Li wzr lqlwldo ydoxhv ri [n ohdg wr
wzr hvwlpdwhg orfdo rswlpd iru N+[, vxfk wkdw wkh Hxfolgldq glvwdqfh ehwzhhq wkhp lv
orzhu wkdq ￿@6> wkhq wkh| duh frqvlghuhg dv wkh vdph orfdo rswlpxp1
9Sursruwlrqdolw| ehwzhhq ￿5 dqg wkh glphqvlrq ri wkh uhohydqw vsdfh jxdudqwhhv wkdw
dv q jrhv xs/ wkh dyhudjh cwrohudqfh* shu nlqn srlqw lv nhsw frqvwdqw1
<hruw ohyhov wr pdujlqdo fkdqjhv lq wkh wd{ frgh1 Lq rwkhu zrugv/ wkh wuxh
hodvwlflw| ri oderu vxsso| grhv qrw qhfhvvdulo| idoo zkhq # ehfrphv vpdoo1 Lw
idoov iru djhqwv zkr duh qrw dw d fruqhu vroxwlrq exw rq wkh rwkhu kdqgv pruh
djhqwv duh dw d fruqhu vroxwlrq1 Wkxv/ wkdw wkh qxpehu ri rswlpd hyhqwxdoo|
idoov dv # uhdfkhv 418 grhv qrw qhfhvvdulo| frqwudglfw rxu edvlf lqwxlwlrq1
?q# 43 8 5 418
4 4 +313, 4 +313, 513 +315, 513 +314,
5 515 +315, 61: +316, 714 +316, 51: +316,
6 517 +317, 71< +317, 915 +316, 713 +317,
7 519 +316, 718 +317, ;1: +317, 91: +31:,
8 613 +318, 715 +3158, ;1: +317, 818 +317,
9 61< +317, 816 +317, 4316 +31:, 714 +318,
Wdeoh 4  Qxpehu ri rswlpd dv d ixqfwlrq ri ? dqg #
Wdeoh 5 uhsruwv krz wkh frpsoh{lw| ri wkh wd{ v|vwhp dhfwv lwv dyhudjh
shuirupdqfh1 Wklv dyhudjh shuirupdqfh lv ghqhg dv wkh dyhudjh ydoxh/ gh0
qrwhg e| `E?/ ri wkh vrfldo zhoiduh ixqfwlrq ryhu doo D? vhdufkhv iru UORv
wkdw zhuh pdgh iru d jlyhq hfrqrp|1 Lq rwkhu zrugv/ lw lv d zhljkwhg dy0
hudjh ri wkh remhfwlyh ixqfwlrq dfurvv orfdo rswlpd/ zkhuh hdfk rswlpxp lv
zhljkwhg e| wkh iuhtxhqf| zlwk zklfk lw zdv uhdfkhg1 Iru dq| hfrqrp| L
wkhq frpsxwh wkh uhodwlyh shuirupdqfh ri wkh wd{ v|vwhp zlwk ? eudfnhwv dv
-E?'`E?*`Ec wkh udwlr ehwzhhq wkh dyhudjh shuirupdqfh dw ? dqg
wkh dyhudjh shuirupdqfh zlwk  eudfnhwv1 Wdeoh 5 wkhq uhsruwv wkh dyhudjh
ydoxh ri -E? dfurvv wkh 43 udqgrpo| jhqhudwhg hfrqrplhv1
Wkh uhvxowv lq Wdeoh 5 duh vwulnlqj1 Iru # '2 cDc dqg fc shuirupdqfh
txlfno| idoov zkhq wkh qxpehu ri wd{ eudfnhwv ehfrphv wrr odujh1 Wkdw lv/
wkh h{wud orvvhv iurp ehlqj wudsshg dw qhz/ lqh!flhqw rswlpd zklfk glg qrw
h{lvw iru pruh vlpsoh wd{ v|vwhpv rxwzhljk wkh h{wud jdlqv iurp d ehwwhu
qh0wxqlqj ri wd{ srolf|1 Ixuwkhupruh/ wklv hhfw lv vwurqjhu/ wkh orzhu #c
l1h1 wkh juhdwhu wkh hhfw ri dq lqfuhdvh lq ? rq wkh qxpehu ri rswlpd1 Iru
h{dpsoh/ dq lqfuhdvh lq wkh qxpehu ri wd{ eudfnhwv iurp ? 'wr ? 'S
uhgxfhv dyhudjh shuirupdqfh e| 817 ( li # ' f c e x wl wu h g x f h vl we |4 5 1 4(
43iru # 'Ddqg e| 5615 ( iru # '2  Frqvhtxhqwo|/ rswlpdo wd{ v|vwhpv kdyh
ihz eudfnhwv1 Wkh ehvw shuiruplqj ydoxh ri ? lv 6 iru # ' f c dqg 5 iru # '2
ru # 'D 
Wkh vwru| lv suhww| glhuhqw/ krzhyhu/ zkhq oderu vxsso| hodvwlflw| eh0
frphv yhu| odujh1 Iru # ' Dc pruh frpsoh{ wd{ v|vwhpv dozd|v shuirup
ehwwhu wkdq ? '  Zkloh wkh rswlpdo qxpehu ri eudfnhwv lv ? ' c wkh orvv
iurp lqfuhdvlqj wd{ frpsoh{lw| eh|rqg wkh rswlpxp duh vpdoohu wkdq lq wkh
# '2fdvh +vrph ; ( lqvwhdg ri 56 (,1 Rqh fdq vshfxodwh wkdw wkhvh uhvxowv
duh djdlq gxh wr wkh idfw wkdw dq lqfuhdvlqj qxpehu ri djhqwv hohfw d fruqhu
vroxwlrq iru hruw/ wkxv ehlqj lqhodvwlf dw wkh pdujlq1
Wkh uhvxowv duh lq vkdus frqwudvw wr zkdw rqh zrxog h{shfw lq d uvw ehvw
zruog1 Lq vxfk d zruog/ dq lqfuhdvh lq wkh qxpehu ri wd{ eudfnhwv e| dq
lqwhjhu pxowlsolfdwlyh idfwru zrxog dozd|v lqfuhdvh zhoiduh/ vlqfh wkh rog wd{
udwhv frxog eh uhsolfdwhg xvlqj wkh qhz wd{ v|vwhp1: Exw wklv rqo| krogv li wkh
rswlpxp rswlpruxp lv lpsohphqwhg1 Li lqvwhdg htxloleulxp srolf| lv ghqhg
dv dq UOR uhdfkhg e| d wdwrqphqw surfhgxuh/ wkhq dyhudjh shuirupdqfh fdq
jr grzq ehfdxvh qhz lqh!flhqw UORv duh lqwurgxfhg zkhq wkh wd{ v|vwhp*v
frpsoh{lw| lv lqfuhdvhg1
?q# 43 8 5 418
4 413 413 413 413
5 4133; +31336, 41334 +31339, 4133< +31348, 413; +31346,
6 4134 +31336, 31<:9 +31339, 31<58 +31348, 413< +3134<,
7 31<<< +31337, 31<8: +3133<, 31;94 +31348, 4138 +31359,
8 31<:5 +31339, 31<46 +31339, 31;4 +31347, 4137 +31359,
9 31<79 +31339, 31;:< +3134, 31:9; +3134<, 4133: +31366,
Wdeoh 5  Dyhudjh uhodwlyh shuirupdqfh ri wd{ v|vwhpv1
W d e o h6s u r y l g h vd qh { d p s o hr iw k h7s r o l f |r x w f r p h vw k d wd u hi r x q g
iru rqh ri wkh hfrqrplhv zlwk ? 'dqg # 'D  Iru hdfk orfdo rswlpxp/
:Qrwh wkdw lq whupv ri wkh joredo rswlpxp q @6grhv qrw qhfhvvdulo| grplqdwh q @5 >
vlqfh wkh nlqn srlqwv duh shjjhg dw 4@q> lpso|lqj wkdw rqh fdqqrw w|slfdoo| uhsolfdwh d wd{
frgh zlwk q @5zlwk d 60eudfnhw wd{ frgh1
44Froxpqv 5 wr 8 uhvshfwlyho| uhsruw wkh ydoxh ri wkh remhfwlyh ixqfwlrq/ wrwdo
wd{ uhfhlswv/ JGS/ dqg wkh iuhtxhqf| zlwk zklfk wkh rswlpxp lv uhdfkhg1
Froxpq 9 jlyhv wkh qhw lqfrph ri dq djhqw zlwk }hur suh0wd{ lqfrph/ l1h1 wkh
wudqvihu pdgh wr wkh srruhvw1 Froxpqv : wr < jlyh wkh pdujlqdo wd{ udwh lq
hdfk eudfnhw/ iurp wkh erwwrp wr wkh wrs ri wkh glvwulexwlrq ri lqfrph1
Wkh prvw iuhtxhqwo| uhdfkhg UOR +Htxloleulxp &4, lv dovr wkh prvw
ghvludeoh rqh1 Lw kdv wkh surshuw| wkdw pdujlqdo wd{ udwhv idoo zkhq lqfrph
jrhv xs/ lq dffrugdqfh zlwk wkh qglqjv ri Pluuohhv +4<:4,1 Lq 5919 ( ri wkh
fdvhv/ krzhyhu/ wkh hfrqrp| frqyhujhv wr dq htxloleulxp zklfk lv pxfk pruh
uhglvwulexwlyh/ zlwk d pdujlqdo wd{ udwh ri 433 ( iru wrs hduqhuv/ dqg voljkwo|
kljkhu pdujlqdo wd{ udwhv wkdq Htxloleulxp &4 iru rwkhu djhqwv1 Wd{ uhfhlswv
duh rqo| voljkwo| deryh wkhlu ohyho lq wkh rwkhu htxloleulxp/ vr wkdw wkh wudqvihu
wr wkh srruhvw lv rqo| voljkwo| odujhu1 Rq wkh rwkhu kdqg/ JGS lv 45 ( orzhu/
vr wkdw rq qhw wklv htxloleulxp shuirupv pxfk zruvh wkdq wkh rwkhu rqh1
Ilqdoo|/ wkhuh h{lvwv wzr rwkhu uduh htxloleuld1 Wkh uvw rqh kdv vxevwdqwldoo|
kljkhu wd{ uhfhlswv wkdq wkh rwkhu wzr/ dw wkh frvw ri frqvfdwru| wd{ udwhv
iru erwwrp dqg orz hduqhuv1 Lw vxevlgl}hv kljk hduqlqjv dw wkh pdujlq/ wkxv
lqgxflqj d kljk hruw ohyho e| pdq| djhqwv/ exw vwloo h{wruwv kljk wd{hv iurp
wkh zhdowk|/ dv wkh dyhudjh wd{ udwh lv derxw 93 ( iru wrs hduqhuv1 Wkhvh
kljk glvwruwlrqv vwurqjo| uhgxfh JGS/ zkloh wkhuh lv olwwoh uhglvwulexwlrq> exw
wd{ uhfhlswv dqg wkxv wkh ohyho ri sxeolf jrrgv lv kljkhu wkdq lq wkh rwkhu wzr
htxloleuld1 Ilqdoo|/ Htxloleulxp &7 dovr yluwxdoo| h{sursuldwhv doo orz dqg
phglxp lqfrph zrunhuv/ zkloh jlylqj vwurqj zrun lqfhqwlyhv dw wkh wrs1 Lw
kdv orzhu wd{ uhfhlswv wkdq rwkhu htxloleuld/ exw d kljkhu JGS wkdq htxloleuld
&5 dqg &61
Htep & TAt85 Ef PWU4 PWU5 PWU6
4 1934 147 1685 19;6 143: 31;8 318: 314:
5 31895 3148 3164 31599 3143; 31;89 31934 413
6 316< 314<: 3159 31366 31358 31<7; 413 03146
7 3157 3146; 31659 3134: 3134 31<;8 31<<< 04179
Wdeoh 6  Fkdudfwhulvwlfv ri irxu UORv lq rqh ri wkh vlpxodwhg hfrqrplhv/
45zlwk ? 'dqg # 'D 
Dv wdeoh 6 vxjjhvwv/ wkhuh h{lvw orfdo rswlpd wkdw shuirup yhu| srruo|/
dowkrxjk wkrvh lq Wdeoh 6 whqg wr eh txlwh lqiuhtxhqw1 Wdeoh 7 frpsxwhv
wkh pd{lpxp gdpdjh ri klvwru| ghshqghqfh dv phdvxuhg e| wkh shufhqwdjh
glhuhqfh ehwzhhq wkh ydoxh ri wkh remhfwlyh ixqfwlrq dw wkh ehvw rswlpxp
dqg lwv ydoxh dw wkh zruvw rqh1 Dv Wdeoh 7 vkrzv/ wklv orvv fdq eh kxjh dqg
whqgv wr jr xs zlwk wkh v|vwhp*v frpsoh{lw| dv zhoo dv oderu vxsso| hodvwlflw|/
zlwk djdlq dq h{fhswlrq dw yhu| orz hodvwlflwlhv1
?q# 43 8 5 418
4 3 3 471< 681;
5 4;1; 6<1: 9317 5<14
6 4<17 8;14 :715 6<18
7 6 5 : 9 1 5; 3 1 58 3 1 <
8 7817 :;1: ;614 8:15
9 8418 :414 ;71: 8<18
Wdeoh 7  Pd{lpxp orvv +(,
Dv wklv sdwwhuq pd| mxvw eh gulyhq e| yhu| lqiuhtxhqw srru rxwfrphv/
W d e o h8o r r n vd ww k hd y h u d j ho r v v /l 1 h 1d ww k hg l  h u h q f he h w z h h qw k hd y h u d j h
shuirupdqfh ri vhdufkhv dqg zhoiduh dw wkh ehvw rswlpxp1 Lw frqupv wkdw
orvvhv fdq eh txlwh odujh dqg duh ryhudoo odujhu/ wkh pruh frpsoh{ wkh v|vwhp
dqg wkh juhdwhu wkh hodvwlflw| ri oderu vxsso|1
?q# 43 8 5 418
4 3 3 81< 4415
5 417 719 <13 :18
6 41< 91: 5318 431:
7 615 <18 5:13 481:
8 914 4617 641: 4;16
9 ;1: 4:14 671< 5515
Wdeoh 8  Dyhudjh orvv +(,
468 Urexvwqhvv fkhfnv
Lq rughu wr fkhfn wkh urexvwqhvv ri p| uhvxowv/ L kdyh uxq d qxpehu ri vlpx0
odwlrqv zlwk glhuhqw sdudphwhu ydoxhv1;
Iluvw/ L kdyh doorzhg iru orzhu lqhtxdolw| dyhuvlrq e| uxqqlqj vlpxodwlrqv
zlwk  '  dqg  ' fD lqvwhdg ri  ' 2 Wkh uhvxowv duh txlwh vlplodu wr
wkh rqhv uhsruwhg deryh +vhh Dsshqgl{,/ zlwk wkh h{fhswlrq wkdw wkh qxpehu
ri rswlpd grhv qrw v|vwhpdwlfdoo| ulvh prqrwrqlfdoo| zlwk ? iru # '2 cDcf
Lq vrph fdvhv/ lw voljkwo| idoov iru ?  ec dowkrxjk wklv lv riwhq qrw vljqlfdqw1
Doo wkh rwkhu sdwwhuqv duh frquphg/ lq sduwlfxodu wkh rswlpdo qxpehu ri
eudfnhwv qhyhu h{fhhgv 61
Vhfrqg/ L kdyh fkdqjhg wkh sdudphwhu  zklfk fdswxuhv wkh ghjuhh ri
frpsohphqwdulw| ehwzhhq sxeolf h{shqglwxuh dqg lqhtxdolw|0dgmxvwhg JGS
lq wkh vrfldo zhoiduh ixqfwlrq/ e| wu|lqj  ' fD lqvwhdg ri  'f D Uhvxowv
duh djdlq vlplodu1
Ilqdoo|/ L kdyh wulhg zlwk rwkhu zhljkwv ri sxeolf h{shqglwxuh lq wkh vrfldo
zhoiduh ixqfwlrq +b '2dqg b 'f D1 Uhvxowv duh djdlq vlplodu1
9F r q f o x v l r q
Jryhuqphqw srolf| lv edvhg rq d odujh vhw ri lqwhuyhqwlrqv= wd{hv/ vxevlglhv/
uhjxodwlrqv/ dqg glvfuhwlrqdu| lqwhuyhqwlrqv1 Wklv sdshu kdv h{soruhg wkh lghd
wkdw wkh| fdqqrw doo eh fkdqjhg dw wkh vdph wlph/ dqg wkdw wkh jryhuqphqw
fdqqrw frpsxwh lwv rswlpdo pl{1 Udwkhu/ lw fdq lpsohphqw pdujlqdo uhirupv/
dqg nhhs wkhp li wkh| suryh vdwlvidfwru|1
Lq wkh frqwh{w ri wd{ srolf|/ zh kdyh vkrzq wkdw wklv slhfh0phdo/ wdwrq0
phqw dssurdfk wr hfrqrplf srolf| pd| jhqhudwh klvwru| ghshqghqfh/ lq wkdw
vhyhudo orfdo rswlpd pd| eh uhdfkhg/ dqg zklfk rqh lv uhdfkhg ghshqgv rq
lqlwldo frqglwlrqv1 Klvwru| ghshqghqfh lv vwurqjhu +l1h1 wkhuh duh pruh orfdo
;Lq wkhvh fkhfnv/ 7 hfrqrplhv lqvwhdg ri 43 zhuh xvhg iru hdfk sdudphwhu vhw1 Uhvxowv
duh uhsruwhg lq wkh Dsshqgl{1
47rswlpd,/ wkh pruh frpsoh{ wkh ghvljq ri hfrqrplf srolf|/ dqg wkh juhdwhu wkh
lqwhudfwlrq ri srolf| lqvwuxphqwv zlwk rqh dqrwkhuzklfk lq p| wd{ prgho
phdqv wkdw hfrqrplf djhqwv kdyh d pruh hodvwlf ehkdylru1
Ixuwkhupruh/ zkloh d pruh frpsoh{ srolf| ghvljq pd| lq sulqflsoh lp0
suryh rxwfrphv ehfdxvh lw lqfuhdvhv wkh ydoxh ri wkh ehvw rswlpxp/ lq sudfwlfh
d frpsoh{ v|vwhp pd| kdyh d orzhu shuirupdqfh1 Wklv lv ehfdxvh frpsoh{lw|
lqfuhdvhv wkh qxpehu ri orfdo rswlpd/ vr wkh vhdufk surfhvv pd| pruh riwhq
|lhog xqvdwlvidfwru| rxwfrphv/ lpso|lqj wkdw zhoiduh lv orzhu rq dyhudjh1 Lq0
ghhg/ lq wkh frqwh{w ri p| wd{ prgho/ wkh ehvw shuiruplqj qxpehu ri wd{
eudfnhwv lv w|slfdoo| htxdo wr 5 ru 61
Lq wkh ixwxuh/ L sodq wr dsso| vlplodu dqdo|vlv wr rwkhu dvshfwv ri hfrqrplf
srolf|/ vxfk dv hqylurqphqwdo uhjxodwlrq ru dfwlyh oderu pdunhw srolflhv/ iru
h{dpsoh1
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qdo ri Hfrqrplf Wkhru|/ 5+6,/ 577096
Eurfn/ Zlooldp dqg Vwhyhq Gxuodxi +5334,/ Glvfuhwh fkrlfh zlwk orfdo
lqwhudfwlrqv/ Uhylhz ri Hfrqrplf Vwxglhv/ 9;+5,/ 568093
Gxuodxi/ Vwhyhq +4<<6,/ Qrqhujrglf hfrqrplf jurzwk/ Uhylhz ri Hfr0
qrplf Vwxglhv 93+5,/ 67<099
Ndxpdq/ Vwxduw +4<;8,/ Wkh Ruljlqv ri Rughu/ R{irug X1 Suhvv
Pluuohhv/ Mdphv +4<:4,/ Dq h{sorudwlrq lq wkh wkhru| ri rswlpdo wd{d0
wlrq/ Uhylhz ri Hfrqrplf Vwxglhv/ 6;+447,/ 4:8053;
49DSSHQGL[  Urexvwqhvv fkhfnv
?q# 43 8 5 418
4 4 +313, 4 +313, 4158 +3158, 5 +3,
5 5 +313, 61:8 +318, 7158 +3158, 613 +317,
6 51:8 +318, 913 +31:, : +31:, 8158 +318,
7 8158 +31:8, 918 +319, <158 +318, 9158 +31<,
8 718 +316, 8158 +319, ;1:8 +416, 818 +413,
9 713 +31:, 8 +313, :1:8 +318, 7 +31:,
Wdeoh D4  Qxpehu ri rswlpd dv d ixqfwlrq ri ? dqg #( ' 
?q# 43 8 5 418
4 413 413 413 413
5 41336 31<< 31<9 4139
6 4133< 31<; 31;7 31<<
7 31<< 31<5 31:< 31<8
8 31<: 31< 31: 31;:
9 31<8 31;8 319< 31;6
Wdeoh D5  Dyhudjh uhodwlyh shuirupdqfh ri wd{ v|vwhpv> ' 
?q# 43 8 5 418
4 4 +313, 4 +313, 5 +313, 518 +316,
5 418 +316, 618 +316, 713 +317, 6158 +318,
6 618 +31<, 713 +31:, :158 +319, 81:8 +319,
7 718 +319, 8158 +31<, <18 +316, :1:8 +413,
8 813 +31:, 9158 +4158, 43 +31<, 8158 +414,
9 7158 +319, 8158 +319, 43158 +419, 91:8 +31;,
Wdeoh D6  Qxpehu ri rswlpd dv d ixqfwlrq ri ? dqg #( ' fD
?q# 43 8 5 418
4 413 413 413 413
5 4134 31<< 31<< 413;
6 31<<< 31<9 31;8 413<
7 31<;: 31<5 31:< 41349
8 31<:6 31;9 31:7 31<<
9 31<9 31;9 31: 31<7
Wdeoh D7  Dyhudjh uhodwlyh shuirupdqfh ri wd{ v|vwhpv> ' fD
4:?q# 43 8 5 418
4 4 +313, 4158 +3158, 418 +316, 51:8 +3158,
5 518 +318, 618 +319, 618 +316, 51:8 +3158,
6 5 1 : 8+ 3 1 8 , 6+ 4 1 4 , :+ 3 1 9 , 8+ 3 1 : ,
7 6158 +318, 818 +319, <158 +319, 9158 +31;,
8 51:8 +3158, 8158 +31<, ;18 +415, 8158 +31;,
9 7158 +415, 818 +31<, < +416, 81:8 +416,
Wdeoh D8  Qxpehu ri rswlpd dv d ixqfwlrq ri ? dqg #( ' fD
?q# 43 8 5 418
44 4 44
5 41335 4134: 31<8 4155
6 4133: 4133: 31;< 4156
7 31<;6 31<6 31;7 41488
8 31<:4 31;; 31:< 414;
9 31<77 31;8: 31:6 4147
Wdeoh D9  Dyhudjh uhodwlyh shuirupdqfh ri wd{ v|vwhpv> ' fD
?q# 43 8 5 418
4 4 +313, 4 +313, 418 +316, 5 +313,
5 418 +316, 6158 +318, 7 +317, 51:8 +3158,
6 41:8 +318, 613 +31:, 91:8 +318, 818 +31<8,
7 513 +317, 613 +31:, ;18 +31<, :158 +31:8,
8 51:8 +318, 6 +313, ;13 +31:, 9158 +318,
9 613 +317, 813 +317, ;158 +41;, 91:8 +413,
Wdeoh D:  Qxpehu ri rswlpd dv d ixqfwlrq ri ? dqg #(b '2
?q# 43 8 5 418
44 4 4 4
5 4134 41356 31<<8 41468
6 41348 4134 31<69 413:4
7 31<<< 31<<; 31;7: 4136:
8 31<<< 31<;: 31;39 41344
9 31<<8 31<88 31;57 41347
Wdeoh D;  Dyhudjh uhodwlyh shuirupdqfh ri wd{ v|vwhpv>b '2
4;?q# 43 8 5 418
4 4 +313, 4 +313, 41:8 +3158, 513 +3174,
5 4 1 5 8+ 3 1 5 8 , 6 1 : 8+ 3 1 7 ; , 7+ 3 1 3 , 5 1 : 8+ 3 1 5 8 ,
6 613 +3174, 918 +315<, :18 +31<9, 913 +318;,
7 818 +315<, :158 +3196, <13 +31;5, ;158 +4198,
8 :13 +3174, 81:8 +3158, 4318 +514;, 9158 +414;,
9 8158 +31:8, :18 +31;:, <13 +31:4, :158 +4177,
Wdeoh D<  Qxpehu ri rswlpd dv d ixqfwlrq ri ? dqg #(b 'f D
?q# 43 8 5 418
44 4 4 4
5 41349 31<9< 31<58 4139
6 31<<; 31<8; 31;69 4135
7 31<96 31;:< 31:66 31<89
8 31<68 31;84 319<6 31<48
9 31;98 31:<7 3198< 31;<<
Wdeoh D43  Dyhudjh uhodwlyh shuirupdqfh ri wd{ v|vwhpv>b 'f D
4<